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Description

[TECHNICAL FIELD]

[CROSS-REFERENCE TO RELATED APPLICATION]

[0001] This application claims priority to and the benefit of Korean Patent Application No. 10-2017-0155496, filed on
November 21, 2017.

[TECHNICAL FIELD]

[0002] The present invention relates to a negative electrode for a lithium secondary battery and a method of manu-
facturing the same, and more particularly, to a negative electrode for a lithium secondary battery including a lithium layer
between a negative electrode current collector and a negative electrode active material layer and a method of manu-
facturing the negative electrode for a lithium secondary battery.

[BACKGROUND ART]

[0003] Patent document JP 2012-9209 provides a negative electrode of a lithium ion secondary battery having a
structure in which a lithium layer including metal lithium is arranged between a collector and a negative electrode active
material layer.
[0004] Patent document KR 10-1357241 relates to an electrode including a graphene layer and a self-assembled
electrode active material aggregate layer, as well as a secondary battery using the same, and a method for manufacturing
the same.
[0005] Patent document JP 10-508141 describes a process for manufacturing an electrode component.
[0006] As the technical development of and demand for mobile devices increases, the demand for secondary batteries
as energy sources has rapidly increased. Among such secondary batteries, lithium secondary batteries, which have
high energy density, high operating potential, a long cycle lifespan, and a low self-discharge rate, have been commercially
available and widely used.
[0007] Meanwhile, a metal oxide such as LiCoO2, LiMnO2, LiMn2O4, or LiCrO2 has been used as a positive electrode
active material constituting a positive electrode of a lithium secondary battery, and metal lithium, a carbon-based material
such as graphite or activated carbon, or a material such as silicon oxide (SiOx) has been used as a negative electrode
active material constituting a negative electrode of the lithium secondary battery. Although, initially, metal lithium was
mainly used as the negative electrode active material, since lithium atoms grow on a surface of the metal lithium as
charging and discharging cycles progress, this causes a separator to be damaged, and thus the battery is damaged.
Therefore, recently, a carbon-based material has been mainly used as the negative electrode active material. However,
since the carbon-based material has a disadvantage in that a theoretical capacity is only about 400 mAh/g and thus
capacity is small, various studies have been made to replace the carbon-based material by using silicon having a high
theoretical capacity (4,200 mAh/g) as the negative electrode active material.
[0008] The lithium secondary battery is charged and discharged while repeating a process in which lithium ions of the
positive electrode active material of the positive electrode are intercalated into/de intercalated from the negative electrode
active material of the negative electrode.
[0009] Theoretically, intercalation and deintercalation reactions of lithium into and from a negative electrode active
material are completely reversible, but in practice, more lithium is consumed than the theoretical capacity of the negative
electrode active material, and only a part of the lithium is recovered during discharging. Thus, from the second charging
and discharging cycle, a smaller amount of lithium ions are intercalated during charging while most of the intercalated
lithium ions are deintercalated during discharging. As described above, the difference in capacity that occurs in the
reactions during the first charging and discharging is called an irreversible capacity loss, and since commercialized
lithium secondary batteries are manufactured in a state in which lithium ions are supplied only to a positive electrode
and lithium is not present in a negative electrode, it is important to minimize the irreversible capacity loss in initial charging
and discharging.
[0010] It is known that the initial irreversible capacity loss is mostly caused by an electrolyte decomposition reaction
on a surface of the negative electrode active material, and the electrochemical reaction through the electrolyte decom-
position causes a solid electrolyte interface (SEI) film to be formed on the surface of the negative electrode active
material. Although a large amount of lithium ions are consumed in the formation of the SEI film, causing the irreversible
capacity loss, the SEI film formed at the beginning of charging prevents the reaction between the lithium ions and a
negative electrode or other materials during charging and discharging, and functions as an ion tunnel to pass only the
lithium ions therethrough so that the electrolyte decomposition reaction is further suppressed, thereby contributing to
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an improvement of cycle characteristics of the lithium secondary battery.
[0011] Accordingly, there is a need for methods to improve initial irreversibility caused by the formation of the SEI film
and the like, and one of the methods is to achieve pre-lithiation before manufacturing a lithium secondary battery to
allow a negative electrode active material to undergo a side reaction occurring during first charging in advance. As
described above, when pre-lithiation is achieved, a first cycle is performed in a state in which irreversibility is reduced
as much as when charging or discharging is performed on an actually manufactured secondary battery, and thus there
is an advantage in that the initial irreversibility may be reduced.
[0012] A conventional pre-lithiation method may include, for example, depositing lithium on a negative electrode active
material layer or adhering a lithium thin film on the negative electrode active material layer. After a lithium layer is formed
on the negative electrode active material layer as described above, when an electrolyte is injected into a cell after the
cell is assembled, lithium ions are diffused onto the negative electrode active material layer, so that pre-lithiation may
be achieved. However, when the lithium layer formed on the negative electrode active material layer remains on the
negative electrode active material layer even after pre-lithiation, the risk of a subsequent internal short circuit may be
increased and there may be a risk of becoming a seed of lithium- (Li-) plating causing Li-plating.
[0013] Accordingly, there is a demand for the development of a new negative electrode for a lithium secondary battery
capable of achieving more effective pre-lithiation.

[DISCLOSURE OF THE INVENTION]

[TECHNICAL PROBLEM]

[0014] It is an aspect of the present invention to provide a negative electrode for a lithium secondary battery capable
of achieving effective pre-lithiation.
[0015] It is another aspect of the present invention to provide a method of manufacturing the negative electrode for a
lithium secondary battery.

[TECHNICAL SOLUTION]

[0016] One aspect of the present invention provides a negative electrode for a lithium secondary battery including a
negative electrode current collector, a negative electrode active material layer, a lithium layer positioned between the
negative electrode current collector and the negative electrode active material layer, and a primer layer positioned
between the negative electrode current collector and the lithium layer.
[0017] Another aspect of the present invention provides a method of manufacturing the negative electrode for a lithium
secondary battery including (1) forming a primer layer on a negative electrode current collector, (2) forming a lithium
layer on the primer layer, and (3) adhering a free-standing negative electrode active material layer on the lithium layer.

[ADVANTAGEOUS EFFECTS]

[0018] In a negative electrode for a lithium secondary battery according to the present invention, pre-lithiation can be
effectively achieved by a simple method, and irreversible capacity of the negative electrode can be reduced to exhibit
high capacity characteristics.

[BRIEF DESCRIPTION OF DRAWINGS]

[0019] The following drawings appended to the present specification are intended to illustrate exemplary embodiments
of the present invention, and the spirit of the present invention will be more clearly understood from the accompanying
drawing together with the following description of the invention, and thus illustrations in the drawing should not be
construed as limiting the scope of the present invention.
FIG. 1 is a cross-sectional view of a negative electrode of a lithium secondary battery according to one example of the
present invention.

[BEST MODE FOR CARRYING OUT THE INVENTION]

[0020] Hereinafter, the present invention will be described in more detail to help understand the present invention.
[0021] Terms or words used in the specification and the following claims should not be construed as limited to common
or dictionary meanings, and should be construed as meanings and concepts consistent with the spirit of the present
invention based on the principle that an inventor can appropriately define concepts and terms to explain the invention
of the inventor in the best way.
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[0022] A negative electrode for a lithium secondary battery according to the present invention includes a negative
electrode current collector, a negative electrode active material layer, a lithium layer positioned between the negative
electrode current collector and the negative electrode active material layer, and a primer layer positioned between the
negative electrode current collector and the lithium layer.
[0023] In the negative electrode for a lithium secondary battery according to one example of the present invention,
the negative electrode active material is not particularly limited, but may have a large initial irreversible capacity and
may include a silicon-based negative electrode active material. Further, in addition to the silicon-based negative electrode
active material, the negative electrode active material may include a carbon material, lithium metal, tin, or the like, which
is capable of normally intercalating and deintercalating lithium ions.
[0024] The silicon-based negative electrode active material may include, for example, one or more selected from the
group consisting of Si, particles of silicon oxide (SiOx, 0<x≤2), a Si-metal alloy, and an alloy of Si and particles of silicon
oxide (SiOx, 0<x≤2), and the particles of silicon oxide may be a composite (SiOx, 0<x≤2) composed of crystalline SiO2
and amorphous Si. The silicon-based negative electrode active material has large volume changes during charging and
discharging, and has a large irreversible capacity due to severe surface side effects during initial charging and discharging,
so that the usefulness of achieving pre-lithiation is even greater.
[0025] As the carbon material, both low-crystalline carbon and high-crystalline carbon may be used, and representative
examples of the low-crystalline carbon include soft carbon and hard carbon, and representative examples of the high-
crystalline carbon include natural graphite, Kish graphite, pyrolytic carbon, mesophase pitch-based carbon fiber, meso-
carbon microbeads, mesophase pitches, and high-temperature calcined carbon such as petroleum or coal tar pitch
derived cokes.
[0026] In the negative electrode for a lithium secondary battery according to one example of the present invention,
the negative electrode active material layer may have a thickness of 10 mm to 100 um, and specifically, 50 um to 80 um.
[0027] The negative electrode active material layer may be a free-standing negative electrode active material layer,
and the negative electrode for a lithium secondary battery according to one example of the present invention may be
manufactured through a method of forming the lithium layer on the negative electrode current collector and then adhering
the free-standing negative electrode active material layer on the lithium layer. In the present invention, the free-standing
negative electrode active material layer means a negative electrode active material layer in the form of a thin film or a
film which maintains a constant shape by itself without being supported by another substrate or the like.
[0028] The negative electrode active material layer may include a conductive material, a negative electrode active
material, and a thermoplastic polymer. The free-standing negative electrode active material layer may be prepared, for
example, by heating a dispersed mixture, in which a conductive material, a negative electrode active material, and a
thermoplastic polymer are dispersed, to a glass transition temperature (Tg) of the thermoplastic polymer to produce a
dough-like form having fluidity, and then molding in the form of a thin film or a film.
[0029] Since the negative electrode for a lithium secondary battery according to one example of the present invention
includes the free-standing negative electrode active material layer, the lithium layer may be positioned between the
negative electrode current collector and the negative electrode active material layer. For example, when the negative
electrode is manufactured by a method of coating and then drying a negative electrode slurry using a conventional
method, coating of an aqueous negative electrode slurry on the lithium layer is impossible due to an intense reaction of
lithium and moisture, and, in a case of a non-aqueous negative electrode slurry, coating on the lithium layer is also
impossible due to the same problem, that is, the intense reaction of lithium and water, unless a moisture content is
controlled to a level of several ppm. However, since the negative electrode for a lithium secondary battery according to
one example of the present invention includes the negative electrode active material layer in a free standing form, the
negative electrode active material layer may be formed on the lithium layer safely and stably by completing the preparation
of the free-standing negative electrode active material layer and then adhering the free-standing negative electrode
active material layer, which has its moisture content controlled more precisely and easily, to the lithium layer, so that it
is possible to position the lithium layer between the negative electrode current collector and the negative electrode active
material layer.
[0030] Further, when the negative electrode for a lithium secondary battery according to one example of the present
invention includes the free-standing negative electrode active material layer, the negative electrode for a lithium secondary
battery may be manufactured to have a size corresponding to the negative electrode current collector regardless of the
size and shape of the lithium layer formed on the negative electrode current collector. Accordingly, in the negative
electrode for a lithium secondary battery according to one example of the present invention, since the lithium layer is
positioned between the negative electrode current collector and the negative electrode active material layer, the negative
electrode current collector (including a negative electrode current collector in which an additional layer other than the
lithium layer is formed) may not be in direct contact with the negative electrode active material layer.
[0031] Even when it is possible to manufacture the negative electrode according to a conventional method in which
the negative electrode slurry is applied on the lithium layer, and then dried, assuming that the above-described problem
of moisture in the negative electrode slurry does not occur, in order to manufacture the negative electrode in which the
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negative electrode current collector is not in direct contact with the negative electrode active material layer, an area of
the negative electrode active material layer should be proportional to an area of the lithium layer. Thus, in order to secure
a loading amount of the negative electrode, the lithium layer should be formed so as to cover a portion corresponding
to the entire area of the negative electrode current collector, so that there is no freedom in the area and shape of the
lithium layer, and accordingly, in order to include the lithium layer in an amount capable of solving the irreversibility of
the negative electrode, there is nothing other than a method of controlling a thickness of the lithium layer. In order to
secure the loading amount of the negative electrode, it is necessary that the lithium layer is filled up to an edge portion
of the negative electrode current collector as much as possible. However, since lithium ions in the lithium layer located
at the edge portion of the negative electrode current collector cannot diffuse in one direction (outward direction from the
edge of the negative electrode), there is a high possibility that the lithium layer remains between the negative electrode
active material layer and the negative electrode current collector after pre-lithiation, so that the risk of a subsequent
internal short circuit and the risk of becoming a seed of lithium-(Li-) plating may not be excluded.
[0032] FIG. 1 is a cross-sectional view of the negative electrode of the lithium secondary battery according to one
example of the present invention. Referring to FIG. 1, a negative electrode 100 of the lithium secondary battery according
to one example of the present invention is presented. The negative electrode 100 includes a free-standing negative
electrode active material layer 120, the negative electrode 100 may have a form in which a lithium layer 130 positioned
between a negative electrode current collector 110 and a lithium layer 130 has a smaller area than the negative electrode
current collector 110 and the negative electrode active material layer 120 while the negative electrode current collector
110 is not in direct contact with the negative electrode active material layer.
[0033] Lithium included in the lithium layer may supply lithium ions to the negative electrode active material layer, and
thus a reduced amount of lithium ions that may be generated by initial irreversibility of the lithium secondary battery
including the same may be compensated for in advance. The lithium layer may be consumed in the processes of supplying
the lithium ions to the negative electrode by being diffused when an electrolyte is injected into the negative electrode,
and initial activation charging of the lithium secondary battery.
[0034] The lithium layer may have a thickness of 0.1 um to 20 um, specifically, a thickness of 0.5 um to 15 um, and
more specifically, a thickness of 1 um to 12 um. When the lithium layer satisfies the above-described thickness range,
the lithium layer may contain lithium metal in an amount capable of compensating for the irreversibility of the negative
electrode for a lithium secondary battery while the lithium metal is suitably consumed during the initial activation charging
process of the lithium secondary battery, that is, the pre-lithiation process.
[0035] The lithium layer may be a lithium metal foil or a lithium deposition layer, and when the lithium layer is the
lithium metal foil, the lithium metal foil may be positioned in the form of adhering the lithium metal foil to the negative
electrode current collector, and when the lithium layer is the lithium deposition layer, the lithium deposition layer may
be formed, for example, by physical vapor deposition (PVD) or chemical vapor deposition (CVD), which includes sput-
tering, E-Beam, evaporation, or thermal evaporation.
[0036] In the negative electrode for a lithium secondary battery according to the present invention, the primer layer is
positioned between the negative electrode current collector and the lithium layer.
[0037] The primer layer may be positioned between the negative electrode current collector and the lithium layer so
that the lithium layer adheres to the negative electrode current collector more easily.
[0038] When the negative electrode for a lithium secondary battery according to one example of the present invention
includes the primer layer, the lithium layer may be adhered on the negative electrode current collector through the primer
layer, and thus there are advantages in the manufacturing process of the lithium secondary battery, and the advantages
are that the lithium layer may be directly adhered on the negative electrode current collector in the form of a lithium metal
foil without being deposited on the negative electrode current collector, a separate device for depositing the lithium on
the negative electrode active material layer is not required, and the lithium layer may be adhered to the negative electrode
active material layer in a short time as compared with the time required for the deposition.
[0039] The primer layer may include one or more selected from the group consisting of graphene and an epoxy polymer,
and may specifically include a mixture of graphene and an epoxy polymer, or an epoxy polymer alone.
[0040] The primer layer may have a thickness of 0.1 um to 10 um, specifically, 0.2 mm to 5 um, and more specifically,
0.5 um to 3 mm.
[0041] When the thickness of the primer layer is within the above-described range, the lithium layer may be firmly
adhered to the negative electrode current collector, and conductivity between the negative electrode current collector
and the negative electrode active material layer may not be deteriorated after pre-lithiation.
[0042] A width of the lithium layer may be 1% to 100%, specifically, 5% to 100%, and more specifically, 30% to 100%
of the width of the negative electrode current collector.
[0043] When the width of the lithium layer falls within the above-described range based on the width of the negative
electrode current collector, the negative electrode active material layer is firmly positioned on the lithium layer, so that,
even when the lithium layer disappears after pre-lithiation, the negative electrode active material layer may be positioned
at an accurate position without deviating from the range of the negative electrode current collector, and the lithium layer
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may be appropriately consumed by supplying the lithium ions without leaving any residue during pre-lithiation.
[0044] Meanwhile, a negative electrode for a lithium secondary battery according to one example of the present
invention may be manufactured by a method of manufacturing the negative electrode for a lithium secondary battery
including (1) forming a primer layer on a negative electrode current collector, (2) forming a lithium layer on the primer
layer, and (3) adhering a free-standing negative electrode active material layer on the lithium layer.
[0045] The process (1) of forming the primer layer on the negative electrode current collector may be performed by a
method such as applying or coating a material included in the primer layer on the negative electrode current collector.
For example, it may be performed by a method such as mixing one or more selected from the group consisting of
graphene and an epoxy polymer, specifically a mixture of graphene and an epoxy polymer, or an epoxy polymer alone
in a solvent or the like, and then applying or coating the mixture on the negative electrode current collector.
[0046] The process (2) of forming the lithium layer on the primer layer may be performed, as described above, by
adhering a lithium metal foil on the primer layer or depositing lithium on the primer layer.
[0047] After forming the primer layer on the negative electrode current collector and forming the lithium layer on the
primer layer as described above, the free-standing negative electrode active material layer is adhered to the lithium layer
in the process (3) to manufacture the negative electrode for a lithium secondary battery.
[0048] The free-standing negative electrode may be manufactured by a method including (a) dispersing a conductive
material, a negative electrode active material, and a thermoplastic polymer to prepare a dispersed mixture, (b) heating
the dispersed mixture to a glass transition temperature (Tg) of the thermoplastic polymer, and (c) passing the heated
dispersed mixture between rollers heated to the glass transition temperature (Tg) of the thermoplastic polymer and then
cooling to prepare a free-standing negative electrode active material layer in the form of a film.
[0049] Thus, the method of manufacturing the negative electrode for a lithium secondary battery of the present invention
may further include manufacturing the free-standing negative electrode.
[0050] In the process (a), the conductive material, the negative electrode active material, and the thermoplastic polymer
are dispersed to prepare the dispersed mixture.
[0051] The thermoplastic polymer may include one or more selected from the group consisting of ethyl vinyl acetate,
nylon, polypropylene, polyethylene, polyethylene oxide, polytetrafluoroethylene (PTFE), and polyvinylidene fluoride
(PVdF), and specifically, may include one or more selected from the group consisting of ethyl vinyl acetate, nylon, and
polyethylene oxide.
[0052] When the thermoplastic polymer includes the above-described components, since the dispersed mixture may
have a dough-like form having adequate fluidity when the dispersed mixture prepared by dispersing the conductive
material, the negative electrode active material, and the thermoplastic polymer is heated to the glass transition temper-
ature (Tg) of the thermoplastic polymer in a subsequent process, the free-standing negative electrode active material
layer may be prepared in a suitable film form.
[0053] The dispersed mixture may further include a binder and other additives as necessary.
[0054] In the process (b), the dispersed mixture thus prepared is heated to the glass transition temperature (Tg) of
the thermoplastic polymer. When the dispersed mixture is heated to the glass transition temperature (Tg) of the ther-
moplastic polymer, the thermoplastic polymer has fluidity, so that the dispersed mixture has a dough-like form.
[0055] In the process (c), the dispersed mixture thus heated is passed between the rollers heated to the glass transition
temperature (Tg) of the thermoplastic polymer to be molded in the form of a thin film, which has an appropriate thickness
as a negative electrode active material layer, and then cooled and hardened to prepare the free-standing negative
electrode active material layer in the form of a film. In the process of passing the dispersed mixture between the heated
rollers, a rolling process may be performed, which may be performed in a conventional negative electrode manufacturing
process.
[0056] In the negative electrode for a lithium secondary battery according to one example of the present invention
thus manufactured, lithium ions in the lithium layer are diffused into the negative electrode active material layer, and
thus pre-lithiation of the negative electrode active material may be achieved.
[0057] Accordingly, the present invention further provides a negative electrode for a lithium secondary battery including
a negative electrode current collector, a primer layer positioned on the negative electrode current collector, and a negative
electrode active material layer positioned on the primer layer, wherein the negative electrode active material layer
includes lithium ions diffused through pre-lithiation.
[0058] The negative electrode active material layer may have a porosity of 10% to 60%, specifically, 20% to 40%, and
more specifically, 25% to 35%.
[0059] The negative electrode current collector may generally have a thickness of 3 mm to 500 um. Any material may
be used as a material of the negative electrode current collector without limitation as long as it has electrical conductivity
without causing a chemical change in the battery. For example, copper, stainless steel, aluminum, nickel, titanium,
calcined carbon, copper or stainless steel surface-treated with carbon, nickel, titanium, silver, or the like, an aluminum-
cadmium alloy, or the like may be used. Further, fine irregularities may be formed on a surface of the negative electrode
current collector to enhance a bonding force of the negative electrode active material, and the negative electrode current
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collector may be used in various forms such as a film, a sheet, a foil, a net, a porous body, a foam, and a nonwoven fabric.
[0060] As the conductive material and the binder, those generally used in the art may be used.
[0061] Various kinds of binder polymers may be used as the binder, such as a polyvinylidene fluoride-hexafluoropro-
pylene copolymer (PVDF-co-HFP), polyvinylidene fluoride, polyacrylonitrile, polymethylmethacrylate, polyvinyl alcohol,
carboxymethyl cellulose (CMC), starch, hydroxypropyl cellulose, regenerated cellulose, polyvinylpyrrolidone, tetrafluor-
oethylene, polyethylene, polypropylene, an ethylene-propylene-diene monomer (EPDM), a sulfonated EPDM, styrene
butadiene rubber (SBR), fluorine rubber, polyacrylic acid, a polymer in which hydrogen of the aforementioned materials
is substituted with Li, Na, or Ca, and various copolymers.
[0062] The conductive material is not particularly limited as long as it does not cause a chemical change in the battery
and has conductivity. For example, graphite such as natural graphite, artificial graphite or the like; carbon black such as
acetylene black, Ketjen black, channel black, furnace black, lamp black, thermal black or the like; a conductive fiber
such as a carbon fiber, a metallic fiber or the like; a conductive tube such as carbon nanotubes or the like; metallic
powder such as carbon fluoride powder, aluminum powder, nickel powder or the like; a conductive whisker such as zinc
oxide, potassium titanate or the like; a conductive metal oxide such as titanium oxide or the like; or a conductive material
such as a polyphenylene derivative or the like may be used as the conductive material.
[0063] The present invention provides a lithium secondary battery including the above-described negative electrode
for a lithium secondary battery. The lithium secondary battery may include the negative electrode, a positive electrode,
and a separator interposed between the positive electrode and the negative electrode.
[0064] In the negative electrode for a lithium secondary battery, lithium in the lithium layer is diffused into the negative
electrode active material layer through pre-lithiation, and thus, the lithium secondary battery may include the negative
electrode for a lithium secondary battery including the lithium diffused into the negative electrode active material layer
through pre-lithiation.
[0065] The positive electrode may be manufactured by a conventional method known in the art. For example, the
positive electrode may be manufactured by mixing and stirring a solvent, and as necessary, a binder, a conductive
material, and a dispersant with a positive electrode active material to prepare a slurry and then applying (coating) the
slurry on a current collector made of a metal material and then compressing and drying.
[0066] The current collector made of a metal material is a metal which has high conductivity and to which the slurry
of the positive electrode active material may be easily adhered. Any material may be used without limitation as a material
of the current collector as long as the material has high conductivity without causing a chemical change in the battery
in a voltage range of the battery. For example, stainless steel, aluminum, nickel, titanium, calcined carbon, aluminum
or stainless steel surface-treated with carbon, nickel, titanium, silver, or the like, or the like may be used. Further, fine
irregularities may be formed on a surface of the current collector to enhance a bonding force of the positive electrode
active material. The current collector may be used in various forms such as a film, a sheet, a foil, a net, a porous body,
a foam, and a nonwoven fabric and may have a thickness in the range of 3 um to 500 um.
[0067] Examples of the positive electrode active material may include, but are not limited to, a layered compound such
as a lithium cobalt oxide (LiCoO2), a lithium nickel oxide (LiNiO2), Li[NiaCobMncM1

d]O2 (where M1 is any one or a
combination of two or more elements selected from the group consisting of Al, Ga, and In, and 0.3≤a<1.0, 0≤b≤0.5,
0≤c≤0.5, 0≤d≤0.1, a+b+c+d=1), Li(LieM2

f-e-f’M3
f’)O2-gAg (where 0≤e≤0.2, 0.6≤f≤1, 0≤f’≤0.2, 0≤g≤0.2, and M2 includes

Mn and one or more selected from the group consisting of Ni, Co, Fe, Cr, V, Cu, Zn, and Ti, M3 is one or more selected
from the group consisting of Al, Mg, and B, and A is one or more selected from the group consisting of P, F, S, and N),
or the like, or a compound substituted with one or more transition metals; a lithium manganese oxide such as Li1+hMn2-hO4
(where 0≤h≤0.33), LiMnO3, LiMn2O3, or LiMnO2; a lithium copper oxide (Li2CuO2); a vanadium oxide such as LiV3O8,
V2O3, or Cu2V2O7; a Ni-site type lithium nickel oxide represented by LiNi1-iM4

iO2 (where M4 is Co, Mn, Al, Cu, Fe, Mg,
B, or Ga, and 0.01≤i≤0.3); a lithium manganese composite oxide represented by LiMn2-jM5

jO2 (where M5 is Co, Ni, Fe,
Cr, Zn, or Ta, and 0.01≤j≤0.1) or Li2Mn3M6O8 (where M6 is Fe, Co, Ni, Cu, or Zn) ; LiMn2O4 in which some Li ions in
the chemical formula are substituted with alkaline earth metal ions; a disulfide compound; LiFe3O4 and Fe2(MoO4)3, or
the like.
[0068] Examples of the solvent for forming the positive electrode may include organic solvents such as N-methylpyr-
rolidone (NMP), dimethylformamide (DMF), acetone, and dimethylacetamide, or water. These solvents may be used
alone or in a mixture of two or more thereof. A use amount of the solvent is sufficient for allowing the positive electrode
active material, the binder, and the conductive material to be dissolved and dispersed in consideration of an application
thickness of the slurry and a production yield.
[0069] Various kinds of binder polymers may be used as the binder, such as a polyvinylidene fluoride-hexafluoropro-
pylene copolymer (PVDF-co-HFP), polyvinylidene fluoride, polyacrylonitrile, polymethylmethacrylate, polyvinyl alcohol,
carboxymethyl cellulose (CMC), starch, hydroxypropyl cellulose, regenerated cellulose, polyvinylpyrrolidone, tetrafluor-
oethylene, polyethylene, polypropylene, an ethylene-propylene-diene monomer (EPDM), a sulfonated EPDM, styrene
butadiene rubber (SBR), fluorine rubber, polyacrylic acid, a polymer in which hydrogen of the aforementioned materials
is substituted with Li, Na, or Ca, and various copolymers.
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[0070] The conductive material is not particularly limited as long as it does not cause a chemical change in the battery
and has conductivity. For example, graphite such as natural graphite, artificial graphite or the like; carbon black such as
acetylene black, Ketjen black, channel black, furnace black, lamp black, thermal black or the like; a conductive fiber
such as a carbon fiber, a metallic fiber or the like; a conductive tube such as carbon nanotubes or the like; metallic
powder such as carbon fluoride powder, aluminum powder, nickel powder or the like; a conductive whisker such as zinc
oxide, potassium titanate or the like; a conductive metal oxide such as titanium oxide or the like; or a conductive material
such as a polyphenylene derivative or the like may be used as the conductive material.
[0071] An aqueous dispersant or an organic dispersant such as N-methyl-2-pyrrolidone may be used as the dispersant.
[0072] Meanwhile, as the separator, a typical porous polymer film conventionally used as a separator, for example, a
porous polymer film prepared from a polyolefin-based polymer, such as an ethylene homopolymer, a propylene homopol-
ymer, an ethylene/butene copolymer, an ethylene/hexene copolymer, and an ethylene/methacrylate copolymer, may
be used alone or in a laminated form thereof. Furthermore, a typical porous nonwoven fabric, for example, a nonwoven
fabric formed of high melting point glass fiber or polyethylene terephthalate fiber may be used, but the present invention
is not limited thereto.
[0073] A lithium salt that may be included as the electrolyte used in the present invention may be used without limitation
as long as it is conventionally used as an electrolyte for a lithium secondary battery. For example, an anion of the lithium
salt may include one selected from the group consisting of F-, Cl-, Br-, I-, NO3

-, N(CN)2
-, BF4

-, ClO4
-, PF6

-, (CF3)2PF4
-,

(CF3)3PF3
-, (CF3)4PF2

-, (CF3)5PF-, (CF3)6P-, CF3SO3
-, CF3CF2SO3

-, (CF3SO2)2N-, (FSO2)2N-, CF3CF2(CF3)2CO-,
(CF3SO2)2CH-, (SF5)3C-, (CF3SO2)3C-, CF3(CF2)7SO3

-, CF3CO2
-, CH3CO2

-, SCN- and (CF3CF2SO2)2N-.
[0074] The electrolyte used in the present invention may be an organic liquid electrolyte, an inorganic liquid electrolyte,
a solid polymer electrolyte, a gel-type polymer electrolyte, a solid inorganic electrolyte, a molten-type inorganic electrolyte,
or the like, which may be used to manufacture lithium secondary batteries, but the present invention is not limited thereto.
[0075] An exterior of the lithium secondary battery of the present invention is not particularly limited, and the exterior
thereof may be a cylindrical shape using a can, a prismatic shape, a pouch shape, a coin shape, or the like.
[0076] The lithium secondary battery according to the present invention may not only be used in a battery cell used
as a power source of a small device but also may be preferably used as a unit battery in middle- to large-sized battery
modules including a plurality of battery cells.

[MODE FOR CARRYING OUT THE INVENTION]

Examples

[0077] Hereinafter, the present invention will be described in more detail with reference to examples and experimental
examples, but the present invention is not limited by these examples and experimental examples. The examples of the
present invention may be modified into various forms, and the scope of the present invention should not be construed
as being limited to the examples described in detail below. The examples of the present invention are provided to more
fully describe the present invention to those skilled in the art.

Example 1

[0078] Ethylene black as a conductive material, SiO having an average particle diameter (D50) of 7 pm, natural graphite,
and polyethylene oxide were mixed at a weight ratio of 2:28.5:66.5:3, and then, the prepared mixed powder was mixed
into a flask having a gas pipe inserted thereinto, and after that, dispersed for 60 minutes in an ultrasonic bath while
blowing N2.
[0079] The dispersed mixture dispersed through the above-described processes was heated to 90 °C, which is near
a glass transition temperature (Tg) of a thermoplastic polymer, to enable the dispersed mixture to be kneaded, and
passed between rollers (interval: 145 um) preheated at 100 °C, and then, cooled to room temperature to prepare a free-
standing negative electrode active material layer.
[0080] A primer layer was formed by applying a composition in which graphene and an epoxy resin were mixed at a
weight ratio of 5:95 on one surface of a copper current collector using a spin coater such that a thickness of the primer
layer became 2 um, and then a lithium foil having a thickness of 40 mm and an area of 30 % based on an area of the
negative electrode current collector was adhered on the primer layer. The prepared free-standing negative electrode
active material layer was adhered on the lithium foil by a roll lamination method using a roll preheated at 90 °C to
manufacture a negative electrode.

Example 2

[0081] A negative electrode was manufactured in the same manner as in Example 1 except that the thickness of the
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primer layer of Example 1 was formed to be 6 um.

Example 3

[0082] A negative electrode was manufactured in the same manner as in Example 1, except that only an epoxy resin
was used instead of the composition in which graphene and an epoxy resin were mixed to prepare the primer layer of
Example 1.

Comparative Example 1

[0083] A negative electrode was manufactured in the same manner as in Example 1, except that the primer layer of
Example 1 was not formed.

Comparative Example 2

[0084] A negative electrode was manufactured in the same manner as in Example 1, except that the 40 um lithium
foil of Example 1 was not used.

Comparative Example 3

[0085] A primer layer was formed by applying a composition in which graphene and an epoxy resin were mixed at a
weight ratio of 5: 95 on one surface of a copper current collector using a spin coater such that a thickness of the primer
layer became 2 um, and then a lithium foil having a thickness of 1 um and an area of 100 % based on the area of the
negative electrode current collector was adhered on the primer layer.
[0086] Ethylene black as a conductive material, SiO having an average particle diameter (D50) of 7 pm, natural graphite,
and styrene butadiene rubber (SBR) as a binder were mixed at a weight ratio of 2:28.5:64.5:5 and then diluted with N-
methylpyrrolidone (NMP) to prepare a negative electrode mixture slurry.
[0087] The prepared negative electrode mixture slurry was intended to be coated on the lithium foil, but production
was stopped due to lithium oxidation and heat generation during slurry coating.

Experimental Example 1: Measurement of adhesion

[0088] A 2 cm x 10 cm double-sided tape was attached on a slide glass, and each of the negative electrodes manu-
factured in Examples 1 and 2 and Comparative Examples 1 and 2 was cut into a size of 2 cm x 10 cm and attached to
the double-sided tape by applying a constant force with a 2 kg roller. The 180° peel strength was measured while peeling
a current collector from the slide glass on which the electrode was attached. The results are shown in Table 1 below.

Experimental Example 2: Evaluation of initial resistance

<Manufacture of positive electrode>

[0089] 96% by weight of a mixture of LiMn2O4 and Li (Ni0.33Co0.33Mn0.33) O2 as a positive electrode active material,
2% by weight of carbon black as a conductive agent, and 2% by weight of polyvinylidene fluoride (PVdF) as a binder
were added to N-methyl-2-pyrrolidone (NMP) as a solvent to prepare a positive electrode mixture slurry. The positive
electrode mixture slurry was applied on an aluminum (Al) thin film as a positive electrode current collector having a
thickness of about 20 um and dried, followed by roll pressing to manufacture a positive electrode.

< Manufacture of lithium secondary battery>

[0090] A secondary battery was manufactured by a conventional method using the positive electrode thus manufactured
and the negative electrode manufactured in each of Examples 1 to 3 and Comparative Example 1 together with a
separator composed of three layers of polypropylene/polyethylene/polypropylene (PP/PE/PP), and then immersed in
an electrolytic solution by injecting an electrolyte in which 1M LiPF6 was dissolved in a solvent in which ethylene carbonate
(EC) and diethyl carbonate (DEC) were mixed at a volume ratio of 30:70, for 48 hours to achieve pre-lithiation, thereby
completing the manufacture of each lithium secondary battery.
[0091] Each lithium secondary battery was charged at a constant current (CC) of 0.33 C at 25 °C until the voltage
reached 4.25 V and then charged at a constant voltage (CV) until the charge current reached 0.05 C (cut-off current) to
perform first charging. Subsequently, each lithium secondary battery was allowed to stand for 20 minutes, and then
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discharged at a constant current (CC) of 0.33 C until the voltage reached 2.5 V. Each lithium secondary battery was
fully charged in the same manner and was discharged by only 50% of the discharge capacity of 0.33 C, and allowed to
stand for 1 hour, and then, a 2.5 C discharge current was applied for 10 seconds, and initial resistance was measured
by dividing the difference between the voltage immediately before the application of the current and the voltage after 10
seconds by the current, and the results are shown in Table 1 below.

[0092] Referring to Table 1, it was confirmed that, in the case of the lithium secondary battery manufactured using the
negative electrodes of Examples 1 to 3, excellent electrode adhesion was exhibited according to the presence of the
primer layer.

Experimental Example 3: Evaluation of pre-lithiation and initial efficiency

[0093] A polyolefin separator was interposed between each of the negative electrodes manufactured in Example 1
and Comparative Example 2 and Li metal used as a counter electrode, then an electrolyte solution in which 0.5% by
weight of vinylene carbonate and 1M LiPF6 were dissolved in a solvent in which ethylene carbonate (EC) and diethyl
carbonate (DEC) were mixed at a volume ratio of 30:70 was injected to manufacture respective coin type half-cells.
[0094] Table 2 below shows the ratio of the charged amount at a constant current of 0.1 C and a constant voltage of
0.005 V and the capacity at the time of discharging at 0.1 C/1.5 V in the first charging and discharging of the coin type
half-cells.

[0095] Referring to Table 2 above, it may be confirmed that, in the case of the lithium secondary battery manufactured
using the negative electrode of Example 1, lithiation using the lithium layer positioned between the negative electrode
current collector and the negative electrode active material layer is achieved and thus high initial efficiency is exhibited.

[Description of Reference Numerals]

[0096]

100: NEGATIVE ELECTRODE
110: NEGATIVE ELECTRODE CURRENT COLLECTOR
120: NEGATIVE ELECTRODE ACTIVE MATERIAL LAYER
130: LITHIUM LAYER
140: PRIMER LAYER

Claims

1. A negative electrode for a lithium secondary battery, comprising:

a negative electrode current collector;

[Table 1]

Adhesion (N/20 mm) Initial resistance (SOC50, Ohm)

Example 1 0.589 (60.1 gf/20 mm) 1.1

Example 2 0.83 (85 gf/20 mm) 1.3

Example 3 0.70 (71 gf/20 mm) 2.1

Comparative Example 1 0.121 (12.3 gf/20 mm) 1.6

[Table 2]

Pre-lithiation capacity (mAh/cm2) Initial efficiency (%)

Example 1 1.4 101.2

Comparative Example 2 0 81

Comparative Example 3 Production stopped due to lithium oxidation and heat generation during slurry coating
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a negative electrode active material layer;
a lithium layer positioned between the negative electrode current collector and the negative electrode active
material layer; and
a primer layer positioned between the negative electrode current collector and the lithium layer.

2. The negative electrode for a lithium secondary battery of claim 1, wherein the negative electrode active material
layer comprises one or more selected from the group consisting of Si, particles of silicon oxide (SiOx, 0<x≤2), and
a Si-metal alloy.

3. The negative electrode for a lithium secondary battery of claim 1, wherein the negative electrode active material
layer is a free-standing negative electrode active material layer.

4.  The negative electrode for a lithium secondary battery of claim 1, wherein the lithium layer is a lithium metal foil or
a lithium deposition layer.

5. The negative electrode for a lithium secondary battery of claim 1, wherein the lithium layer has a thickness of 0.1
um to 20 um.

6. The negative electrode for a lithium secondary battery of claim 1, wherein the primer layer comprises one or more
selected from the group consisting of graphene and an epoxy polymer.

7. The negative electrode for a lithium secondary battery of claim 1, wherein a width of the lithium layer is 1% to 100%
of a width of the negative electrode current collector.

8. A lithium secondary battery, comprising the negative electrode for a lithium secondary battery according to claim 1.

9.  A method of manufacturing the negative electrode for a lithium secondary battery according to claim 1, the method
comprising:

(1) forming a primer layer on a negative electrode current collector;
(2) forming a lithium layer on the primer layer; and
(3) adhering a free-standing negative electrode active material layer on the lithium layer.

10. The method of claim 9, further comprising manufacturing a free-standing negative electrode by a method comprising:

(a) dispersing a conductive material, a negative electrode active material, and a thermoplastic polymer to prepare
a dispersed mixture;
(b) heating the dispersed mixture to a glass transition temperature (Tg) of the thermoplastic polymer; and
(c) passing the heated dispersed mixture between rollers heated to the glass transition temperature (Tg) of the
thermoplastic polymer and then cooling to prepare a free-standing negative electrode active material layer in
the form of a film.

11. The method of claim 10, wherein the thermoplastic polymer comprises one or more selected from the group consisting
of ethyl vinyl acetate, nylon, polypropylene, polyethylene, polyethylene oxide, polytetrafluoroethylene (PTFE), and
polyvinylidene fluoride (PVdF).

Patentansprüche

1. Negative Elektrode für eine Lithium-Sekundärbatterie, umfassend:

einen Stromabnehmer für eine negative Elektrode;
eine Schicht aus Aktivmaterial für eine negative Elektrode;
eine Lithiumschicht, welche zwischen dem Stromabnehmer für eine negative Elektrode und der Schicht aus
Aktivmaterial für eine negative Elektrode angeordnet ist; und
eine Primerschicht, welche zwischen dem Stromabnehmer für eine negative Elektrode und der Lithiumschicht
angeordnet ist.
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2. Negative Elektrode für eine Lithium-Sekundärbatterie gemäß Anspruch 1, wobei die Schicht aus Aktivmaterial für
eine negative Elektrode eines oder mehrere umfasst, ausgewählt aus der Gruppe bestehend aus Si, Partikeln von
Siliziumoxid (SiOx, 0<x≤2) und einer Si-Metall-Legierung.

3. Negative Elektrode für eine Lithium-Sekundärbatterie gemäß Anspruch 1, wobei die Schicht aus Aktivmaterial für
eine negative Elektrode eine freistehende Schicht aus Aktivmaterial für eine negative Elektrode ist.

4. Negative Elektrode für eine Lithium-Sekundärbatterie gemäß Anspruch 1, wobei die Lithiumschicht eine Lithium-
metallfolie oder eine Lithiumabscheidungsschicht ist.

5. Negative Elektrode für eine Lithium-Sekundärbatterie gemäß Anspruch 1, wobei die Lithiumschicht eine Dicke von
0,1 mm bis 20 mm aufweist.

6. Negative Elektrode für eine Lithium-Sekundärbatterie gemäß Anspruch 1, wobei die Primerschicht eines oder meh-
rere umfasst, ausgewählt aus der Gruppe bestehend aus Graphen und einem Epoxidpolymer.

7. Negative Elektrode für eine Lithium-Sekundärbatterie gemäß Anspruch 1, wobei die Breite der Lithiumschicht 1%
bis 100% der Breite des Stromabnehmers einer negativen Elektrode beträgt.

8. Lithium-Sekundärbatterie, umfassend die negative Elektrode für eine Lithium-Sekundärbatterie gemäß Anspruch 1.

9. Verfahren zur Herstellung der negativen Elektrode für eine Lithium-Sekundärbatterie gemäß Anspruch 1, das Ver-
fahren umfassend:

(1) Ausbilden einer Primerschicht auf einem Stromabnehmer für eine negativen Elektrode;
(2) Ausbilden einer Lithiumschicht auf der Primerschicht; und
(3) Anhaften einer freistehenden Schicht aus negativem Aktivmaterial für eine negativen Elektrode auf der
Lithiumschicht.

10. Verfahren gemäß Anspruch 9, ferner umfassend das Herstellen einer freistehenden negativen Elektrode nach einem
Verfahren, umfassend:

(a) Dispergieren eines leitfähigen Materials, eines Aktivmaterials für eine negative Elektrode und eines ther-
moplastischen Polymers zur Herstellung einer dispergierten Mischung;
(b) Erhitzen der dispergierten Mischung auf eine Glasübergangstemperatur (Tg) des thermoplastischen Poly-
mers; und
(c) Durchleiten der erhitzten dispergierten Mischung zwischen auf die Glasübergangstemperatur (Tg) des ther-
moplastischen Polymers erhitzten Walzen und anschließendes Abkühlen zum Herstellen einer freistehenden
Schicht aus Aktivmaterial für eine negative Elektrode in Form eines Films.

11. Verfahren gemäß Anspruch 10, wobei das thermoplastische Polymer eines oder mehrere umfasst, ausgewählt aus
der Gruppe bestehend aus Ethylvinylacetat, Nylon, Polypropylen, Polyethylen, Polyethylenoxid, Polytetrafluorethy-
len (PTFE) und Polyvinylidenfluorid (PVdF) .

Revendications

1. Électrode négative pour un accumulateur au lithium, comprenant :

un collecteur de courant d’électrode négative ;
une couche de matériau actif d’électrode négative ;
une couche de lithium positionnée entre le collecteur de courant d’électrode négative et la couche de matériau
actif d’électrode négative ; et
une couche d’accrochage positionnée entre le collecteur de courant d’électrode négative et la couche de lithium.

2. Électrode négative pour un accumulateur au lithium selon la revendication 1, dans laquelle la couche de matériau
actif d’électrode négative comprend un ou plusieurs éléments sélectionnés dans le groupe constitué par le Si, des
particules d’oxyde de silicium (SiOx, 0 < x ≤ 2) et un alliage Si-métal.
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3. Électrode négative pour un accumulateur au lithium selon la revendication 1, dans laquelle la couche de matériau
actif d’électrode négative est une couche de matériau actif d’électrode négative indépendante.

4. Électrode négative pour un accumulateur au lithium selon la revendication 1, dans laquelle la couche de lithium est
une feuille de lithium métallique ou une couche de dépôt de lithium.

5. Électrode négative pour un accumulateur au lithium selon la revendication 1, dans laquelle la couche de lithium
possède une épaisseur allant de 0,1 mm à 20 mm.

6. Électrode négative pour un accumulateur au lithium selon la revendication 1, dans laquelle la couche d’accrochage
comprend un ou plusieurs éléments sélectionnés parmi le groupe constitué par le graphène et par un polymère époxy.

7. Électrode négative pour un accumulateur au lithium selon la revendication 1, dans laquelle une largeur de la couche
de lithium va de 1 % à 100 % d’une largeur du collecteur de courant d’électrode négative.

8. Accumulateur au lithium, comprenant l’électrode négative pour un accumulateur au lithium selon la revendication 1.

9. Procédé de fabrication de l’électrode négative pour un accumulateur au lithium selon la revendication 1, le procédé
comprenant ce qui suit :

(1) la formation d’une couche d’accrochage sur un collecteur de courant d’électrode négative ;
(2) la formation d’une couche de lithium sur la couche d’accrochage ; et
(3) l’adhésion d’une couche de matériau actif d’électrode négative indépendante sur la couche de lithium.

10. Procédé selon la revendication 9, comprenant en outre la fabrication d’une électrode négative indépendante par
un procédé comprenant ce qui suit :

(a) la dispersion d’un matériau, un matériau actif d’électrode négative et un polymère thermoplastique pour
préparer un mélange dispersé ;
(b) le chauffage du mélange dispersé jusqu’à une température de transition vitreuse (Tg) du polymère
thermoplastique ; et
(c) le passage du mélange dispersé chauffé entre des rouleaux chauffés jusqu’à la température de transition
vitreuse (Tg) du polymère thermoplastique, et ensuite, refroidir pour préparer une couche de matériau actif
d’électrode négative indépendante sous la forme d’un film.

11. Procédé selon la revendication 10, dans lequel le polymère thermoplastique comprend un ou plusieurs éléments
sélectionnés parmi le groupe constitué par l’éthylène-acétate de vinyle, le nylon, le polypropylène, le polyéthylène,
le poly(oxyde d’éthylène), le polytétrafluoroéthylène (PTFE) et le poly(fluorure de vinylidène) (PVdF).
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